Nanoparticles comprised of the poly(ethylene oxide)-b-poly (lactic acid) diblock copolymer (PEO-b-PLA) with and without the incorporation of lavender oil were prepared by nanoprecipitation. Diblock copolymers based on a fixed PEO block (5 KDa ) and two different PLA segments (4.5 or 10 KDa ) were used. The morphology, encapsulation efficiency, essential oil-polymer interaction and the release kinetics of the active agent in the nanoparticles, were evaluated. The hydrodynamic radius of the nanoparticles determined by light scattering was affected by the size of the poly(lactic acid) (PLA) block. The lavender essential oil encapsulation efficiency (at a concentration of 0.4 μL mL -1 ) determined by UV-VIS spectroscopy was in the range of 70-75%. The in vitro release suggests that the polymeric barrier is able to control the oil release.
Introduction
Interest in the self-assembly of block copolymer systems has been growing and is today one of the most important fields of nanotechnology.
1 Micelles obtained from block copolymers play an important role in the delivery of active substances, particularly for water-insoluble molecules. 2 The development of nanoparticles has been characterized as a promising strategy for different applications, for instance, the incorporation, transport and release of active substances, such as drugs, oils and essences. [3] [4] [5] [6] Poly(lactic acid) (PLA) is a biodegradable and biocompatible polyester widely used in applications related to the area of medicine. 7 For example, PLA and its copolymers have been used in tissue engineering for the restoration of impaired tissues and also in the development of nanoparticles for drug delivery. 8, 9 Poly(ethylene oxide) (PEO) is also non toxic and does not show antigenicity and immunogenicity. However, as PEO is non biodegradable and exhibits extraordinarily large hydrodynamic volume. This fact limits the use of high molecular weight analogues of PEO to health.
One of the most interesting systems is the block copolymer comprised of PLA-b-PEO, which is able to form thermodynamically stable nanoparticles through a self-assembly process. 10, 11 Dai and Lim demonstrate the feasibility of entrapping mustard seed meal powder particles in nonwovens produced by electrospinning PLA-b-PEO blends into ultrafine fibers, as an antibacterial agent for controlled release. 12 Jie et al used the PEO-b-PLA copolymers to compare the kinetics of drug release for star-branched, tri-and di-block copolymers. The drug release profile showed that the release of paclitaxel from these polymers could be controlled over weeks. Also, the lower hydrodynamic radius of star-shaped polymers may result in better clearance of the carrier polymer from the body. 13 A family of strong, highly flexible biodegradable polymers was developed, by capitalizing on the particular morphology and superior mechanical properties and PEO-b-PLA are one of the copolymers which displaying their enhanced mechanical properties.
14 Random and block copolymers of lactic acid with glycolic acids, ε-caprolactone and poly(ethylene glycol) (PEG) are commonly used as drug carriers.
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Studies on the encapsulation and controlled-release of the common anticancer agent doxorubicin, in vesicles obtained from hydrolysable diblock copolymers of (PEG-b-PLA) and poly(ethylene glycol)-poly(caprolactone) (PEG-b-PCL), have been reported. 16 The authors demonstrated that the rate of doxorubicin release from the hydrolysable vesicles is accelerated with an increased proportion of PEG, but decreased with a more hydrophobic chain chemistry. Riley et al. (2001) reported similar studies using nanoparticles obtained from PEG-b-PLA with a fixed PEG block (5 KDa) and varying the PLA segment (2-110 KDa). Essential oils generally, are volatile substances, sensitive to oxygen, light, moisture, and heat. These reported special characteristics could diminish their applicability in the use of cosmetics, food, products pharmaceutical and industries. Thus, encapsulation and particularly, nanoencapsulation, is one of the most efficient methods for the formulation of active substances, being a viable and efficient approach to increasing its physical stability and protecting them from interactions with environmental factors, such as, pH, oxygen, light and moisture. [18] [19] [20] For example, solid lipid microparticles (SLM) were used to encapsulate juniper oil, in order to reduce the volatility of the antimicrobial agent, applied to treatment of acne vulgare. 21 The encapsulation of eugenol and carvacrol into nanometric surfactant micelles for the solubilization in the aqueous phase also resulted in enhanced antimicrobial activity against two pathogenic bacteria. 22 The encapsulation of terpenes mixture extracted from Melaleuca alternifolia and D-limonene, was used as a method to improve the safety and quality of foods through the addition of natural preservatives, in order to increase and retain the antimicrobial activity of the encapsulated compounds. The formulations were tested in fruit juices, in order to evaluate it preservation from inoculated spoilage microorganisms and shelf life extension against the alteration of the quality parameters. 20 Lavender oil (LO), which has antifungal and antibacterial properties and acts as a sedative, antiseptic and analgesic, 23, 24 is also used for their pleasant scent, was used in this study. Lavender oil was encapsulated in gum arabic and compared with to gelatin. The authors reported one encapsulation efficiency of 66%, the appearance of microcapsules is sphere and the surface is smooth without aggregation. 19 The incorporation of the natural products, in the form of oil eliminates the need for precursor preparation. Balasubramanian et al., utilized the lavender oil fabricated in an electrospun PAN nanofiber for antibacterial and drug delivery applications. Moreover, these nanofibers can be fabricated to advanced morphologies like porous, core and shell nanofibers carrying encapsulations and sandwich morphologies using various antimicrobial additives to enhance the sustained drug release and antimicrobial property.
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The original contribution of this work was the encapsulation of lavender essential oil in nanostructured systems (nanoparticles), developed for application as antibacterial agent in textiles components used in the footwear industry. Lavender oil was encapsulated in nanoparticles prepared from the diblock copolymer (PEO-b-PLA), aimed at slowing the volatilization of volatile cores and protecting the active agent from unwanted interactions with the external environment. This copolymer has self-association properties in aqueous medium and is able to form thermodynamically stable colloidal suspensions. The nanoparticles were prepared by the nanoprecipitation technique, as described by Fessi et al., 26 and parameters such as the size, morphology, zeta potential, encapsulation and release profile for lavender oil in this system were evaluate.
Experimental

Materials
The diblock copolymers PEO 5kDa -b-PLA 4.5kDa and PEO 5kDa -b-PLA 10kDa used in this study were purchased from Polymer SourceTM (Montreal, Canada). Acetone (Carlo Erba) and water (purified in a Milli-Q water purification system; Billerica, MA, USA) were used to prepare the nanoparticles. The lavender oil, which was used as an active agent, was purchased from Sigma Aldrich (St. Louis, MO, USA).
Nanoparticle preparation
The nanoparticle suspensions were prepared using a nanoprecipitation and solvent displacement method, similar to that employed by Fessi et al. 26 In this method, the copolymers are dissolved at room temperature in a solvent which is thermodynamically efficient for both blocks, in this case Acetone, followed by the slow and progressive addition of a solvent selective for one block (in this case Milli-Q water was used as the solvent selective for the PEO block). 27 The rate of addition of the selective solvent and stirring speed were defined after several experiments. The PLA, which is the hydrophobic block, was organized so as to minimize contact with the solvent (Milli-Q water), promoting the formation of well-defined nanostructures. The best conditions to promote the formation of well-defined and homogeneous (absence of aggregates) nanoparticles, with a low polydispersity index, were the addition of the selective solvent at 7.63 mL h -1 (using a syringe of 2 mL) and a stirring rate of 2500 rpm.
For the encapsulation of the essential oil, the preparation procedure was the same as that used for the nanoparticles except for the presence of lavender oil in the organic phase.
Static (SLS) and dynamic (DLS) light scattering
The technique of dynamic light scattering was used to analyze the morphology of the nanoparticles and the interactions between them and these data were correlated with the same dimensions in aqueous suspensions, based on the temporal fluctuations in the scattered light, which generates data on the dynamics of particles in solution. 28 The experiments were performed using an ALV/CG6-8F goniometer equipped with a 35 mW red helium−neon linearly polarized laser (λ = 632.8 nm) and an ALV/LSE-5004 multiple tau digital correlator with an initial sampling time of 125 ns. 29 The samples were kept at 25 °C. The accessible scattering angle of the equipment ranges from 12 to 155°. After filtration through a 0.45 µM cellulose acetate filter, all samples were systematically studied at 90°, 60º and 120º and some of them were studied at different scattering angles (varying from 40 to 140°), with a stepwise increase of 10°. The solutions were loaded into 10-mm-diameter glass cells. The minimum sample volume required for the experiment was 0.8 mL. The data were acquired with the ALV correlator control software and the counting time for each sample was typically 300 s. The distributions of the relaxation times, A(t), were obtained using CONTIN analysis applied to the autocorrelation function, C(q, t). 30 The relaxation time, which is denoted as τ, corresponds to the local maxima of the distributions A(t) and the relaxation frequencies (Γ) are equal to 1/τ, 31 while q is the modulus of the scattering vector defined as in with λ being the wavelength of the incident laser beam, n the refractive index of the pure solvent (1.33 for water) and θ the scattering angle (equation 1). 32 and the grid was allowed to dry. Images were recorded on Kodak SO163 film and the negatives were scanned off-line using a Kodak Mega plus CCD camera.
The morphology of the samples was also characterized using atomic force microscopy (AFM). The AFM measurements were performed in air using the tapping mode (PicoPlus) at the NanoBio Laboratory of the Joseph Fourier University of Grenoble, France. For the tapping mode a silicon probe was used, with an oscillating frequency of 190 kHz. The scanning area was 1-10 μm 2 with a force constant of 48 N/m and a tip height of 14 µm. The images were treated using Gwyddion 2.31 software to analyze the images and determine the nanoparticle size.
Zeta potential measurement
Zeta potential data were obtained by laser-doppler anemometry using a Zetasizer Nano Series System (Malvern Instruments, Worcestershire, UK). Samples of the nanoparticles were placed in the electrophoretic cell and for the measurements a potential of ± 150 mV was established. The ζ potential values were calculated as the average of three determinations of the electrophoretic mobility values using Smoluchowski's equation.
Nanoparticle tracking analysis (NTA)
Nanoparticle tracking analysis (NTA) was performed using an LM10 System digital microscope (Malvern Instruments Ltd., Worcestershire, UK). Samples were filtered through a 0.45 mm cellulose acetate filter and introduced into the chamber using a syringe. Video images of the particle movement under Brownian motion were analyzed using the NTA analytical software version 2.1. The measurements were made at room temperature and each video clip was captured over 60 s.
UV-visible spectroscopy
This technique was used to calculate the encapsulation efficiency and the amount of active agent released. The absorbance of the lavender essential oil by the nanoparticles was analyzed at a wavenumber range of 210-250 nm 34 using a double beam spectrophotometer (CARY 50, Varian).
The analysis of the active agent release profile associated with the nanoparticles was performed using a system with donor (1 mL) and acceptor (100 mL) compartments separated by a cellulose membrane with a pore molecular exclusion of 3.500 Da and with continuous stirring at 37 °C. 35, 36 Aliquots (1 mL) were collected from the acceptor compartment at intervals of 2-1800 min and evaluated by UV-Vis spectroscopy at a wavenumber range of 210-250 nm. The aliquots removed were immediately replaced with an equal amount of water to keep a constant volume. 
Where k B is the Boltzmann constant (in J/K), T is the temperature of the sample (in K), D is the diffusion coefficient and n is the viscosity of the pure solvent (water in this case), (g = 0.89 cP at 25 °C). 33 The radius of gyration (Rg) was calculated from the elastic part (I(q)) of the scattering intensity using the Guinier approximation as follows, where I is the scattering intensity and I 0 is the scattering intensity at q = 0 (equation 3). 
= -
The relationship between Rg and R H gives the parameter ρ which represents the morphology.
Transmission electron microscopy (TEM) and atomic force microscopy (AFM)
The morphology of the nanoparticles was evaluated by transmission electron microscopy (TEM) using a CM200 Philips (FEI Company, Hillsboro, USA) microscope at an accelerating voltage of 80 kV. For the analysis, after appropriate dilution in Milli-Q water, 7 μL of an aqueous micellar solution was dropped onto a glow-discharged carbon-coated copper grid. Before the drying process, 7 μL of a 2% (w/v) uranyl acetate negative stain was added. After a few minutes, the excess liquid was blotted with filter paper
Results and Discussion
Preparation of nanoparticle suspensions
The nanoparticles based on PEO-b-PLA block copolymers were successfully prepared by the nanoprecipitation method, as described in Section 2.2. Two block copolymers, PEO 5KDa -b-PLA 4.5KDa and PEO 5KDa -b-PLA 10KDa , were used to prepare nanoparticles with and without lavender oil (LO) incorporated. In the processes of micelle formation in water the hydrophilic PEO block has a tendency to form the superficial coating of the nanoparticles and the hydrophobic PLA part forms the core. This hydrophobic core is an ideal environment for the encapsulation of hydrophobic active agents, while the block in contact with the solvent promotes the stabilization of the interface between the hydrophobic core and the external environment. Images of the suspensions before and after the micelle formation are shown in Figure 1 . The Figure 1A corresponds to the solution of copolymer PEO 5KDa -b-PLA 4.5KDa and lavender oil in acetone and the Figure 1B corresponds to the nanoparticle suspension with encapsulated lavender oil. The Figure 1C corresponds to the solution of copolymer PEO 5KDa -b-PLA 10KDa and lavender oil in acetone and 1D is the nanoparticle suspension.For both systems studied, the best conditions for the obtaining stable nanoparticles were: copolymer concentration of 4 mg mL ; addition of 7.63 mL h -1 of water; 10% of lavender oil to the copolymer solution; stirring rate of 2500 rpm; and acetone as an organic solvent. Under these conditions the nanoparticles were stable for up to 23 days. of 90° at 25 °C obtained for the two systems studied are shown in Figure 2 .
The relaxation time distribution obtained from the selfassembled PEO-b-PLA at different copolymer concentrations showed the presence of two micellar populations for samples containing copolymer alone and for the sample PEO 5KDa -b PLA 10KDa containing oil, where the first (fast relaxation mode) corresponds to the LCMs and the second (slow relaxation mode) probably corresponds to the irregular micellar aggregates formed through the dynamic interaction between the copolymer chains ( Figure 2) . The dynamic nature of these interactions was confirmed since the micellar aggregates were detected immediately after filtration with a cellulose acetate filter with a pore size of 0.45 μm. The low zeta potential values of the copolymers (close to zero) explain their trend toward the formation of aggregates in solution. The fact that the second peak, appearing in the slow relaxation mode, has a larger area than the first peak (fast relaxation mode) indicates that the quantity of sizes of micellar nanoparticles present are not the same.
It should be noted that the light scattering intensity is proportional to the concentration of the nanoparticles multiplied by their molar mass, according to the Rayleigh scattering of spherical particles. The DLS technique is much more sensitive to the presence of large aggregates than small micellar nanoparticles. 17 The hydrodynamic radius for the two systems determined via the Stokes-Einstein equation (equation 2) and considering the fast and slow relaxation modes are shown in Table 1 .
Analyzing at Table 1 and Figure 2 , it is observed that empty micelles of the PEO 5KDa -b-PLA 4.5KDa system had hydrodynamic radii of 65 nm (slow mode) and 18 nm (fast mode). In the presence of 10% lavender oil the hydrodynamic radius increased to 75 nm (only a slow relaxation mode occurred). For the PEO 5KDa -b-PLA 10KDa system the values were 18 nm (slow mode) and 4 nm (fast mode) for empty micelles. With 10% lavender oil the hydrodynamic radius increased to 23 nm and 10 nm, respectively.
The above results indicate that the size and polydispersity index of the PEO-b-PLA nanoparticles with and without lavender oil are consistent with colloidal suspensions. 37 Also, it was observed that the presence of lavender oil affected the nanoparticle size (R H increased), confirming the encapsulation process. The nanoparticle size decreased with an increase in the PLA content of the copolymer. 38 These effects can be explained considering two different situations: i) small nanoparticles are initially obtained, which by aggregation can generate agglomerates, 39 as in the case of PEO 5KDa -b-PLA 4.5KDa ; and ii) the PEO chains in aqueous solution can form large thermodynamic reversible complexes, increasing the size. 38 In fact, the nanoparticles obtained from the PEO 5KDa -b-PLA 4.5KDa copolymer (lower PLA content) were significantly larger than those obtained from the PEO 5KDa -b-PLA 10KDa system, suggesting a dependence on the PEO. 33 The size distribution and polydispersity of the nanoparticle suspensions were evaluated considering the angular dependence associated with the light scattering intensity. Considering that the nanoparticle suspensions are in permanent movement, the fluctuation intensity of the scattered light is directly related to Brownian movement. The dynamic light scattering (DLS) technique was used to analyze this movement and correlate it with the dimensions of the nanoparticles in aqueous suspension. 28 The autocorrelation functions (g (2) -1) and the relaxation time distribution at a scattering angle A bimodal distribution was observed for PEO 5KDa -b-PLA 10KDa nanoparticles with lavender oil, suggesting the formation of aggregates in this system. The polydispersity index slightly increased with the presence of lavender oil, from 0.27 to 0.34 and 0.30 to 0.32 for the PEO 5KDa -b-PLA 4.5KDa and PEO 5KDa -b-PLA 10KDa systems, respectively. In general, parameters such as nanoparticle size, polydispersity index and zeta potential are related to the suspension stability. In our case, the polydispersity index was close to 0.3 for both systems studied, suggesting good stability under the preparation conditions. 40 The zeta potential is also a parameter that can influence the particle stability in suspension based on the electrostatic repulsion and its measurement also provides information regarding the dominant block on the particle surface. For the samples evaluated in this study the zeta potential was close to neutral (data not shown), suggesting the presence of PEO (non-ionic) on the surface of the nanoparticles.
2. Microscopy evaluation
The morphology of the nanoparticles obtained was evaluated through TEM and AFM. For both systems studied spherical nanoparticles were obtained, 41, 8 as exemplified in Figure 3 (TEM) and Figure 4 (AFM). The TEM micrographs showed slightly smaller sizes for the nanoparticles in comparison with the DLS results. This difference is associated with the natural dehydration process during the sample preparation in the case of the TEM measurements. The TEM micrographs, similarly to the DLS results, also showed an increase in the average radius of the nanoparticles with the addition of lavender oil ( Figures 3B and 3D ). For example, the nanoparticles obtained with the copolymer PEO 5KDa -b-PLA 10KDa showed average diameters of 50 nm and 56 nm without and with 10% LO, respectively.
In the case of AFM, compact and spherical nanoparticles were also observed. The diameters of the nanoparticles obtained from the copolymer PEO 5KDa -b-PLA 4.5KDa without and with 10% LO were in the range of 40-80 nm and 60-80 nm, respectively ( Figures 4A and 4B) , while the corresponding values for nanoparticles of PEO 5KDa -b-PLA 10KDa were 15 nm (4C) and 20 nm (4D), respectively. Although the size could be estimated from the AFM images it was not possible to define with good accuracy the nanoparticle morphology. An exception was the PEO 5KDa -b-PLA 10KDa copolymer, for which a more regular and defined spherical morphology was observed, similarly to results reported in the literature. 11 Figure 5 shows the typical variation in the measured angular frequency Γ as a function of q 2 , indicating a diffusive scattering behavior for the PEO 5KDa -b-PLA 4.5KDa and PEO 5KDa -b-PLA 10KDa nanoparticles with or without lavender oil, confirming the formation of spherical nanoparticles. The radius of gyration (Rg) was calculated based on the Guinier model, more specifically, the slope of the straight line obtained using Equation 1 . This approach is often used to determine the particle Rg value, and is valid only when qRg < 1. All samples showed a similar behavior, indicating the same nanoparticle morphology, i.e., the formation of spherical micelles.
Static and dynamic light scattering
The Rg and R H values for the systems studied are summarized in Table 2 . The ratio between Rg and R H provides the anisotropic degree (ρ), which is associated with the morphology of the nanoparticles. According to Table 1 , the ρ value ranged between 0.70 and 1.14, suggesting the formation of spherical nanoparticles, which is in agreement with the morphologies observed by TEM and AFM.
The results presented in Table 2 also show that the size (hydrodynamic diameter) and polydispersity of the PEO-b-PLA nanoparticles with or without lavender oil are consistent with colloidal suspensions. The hydrodynamic radius increased for nanoparticles containing lavender oil, suggesting, in agreement with the UV results, that the active agent was effectively encapsulated (see the last section of the results). The R H of nanoparticles obtained from PEO 5KDa -b-PLA 4.5KDa increased from 65 nm to 75 nm 42, 43 with 10% LO and from 18 nm to 23 nm for the PEO 5KDa -b-PLA 10KDa system.
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By zeta potential measurements was observed that the nanoparticles suspensions were stable up to 23 days. After this period, both polydispersity and nanoparticles size increased, suggesting the formation of aggregates. In the present case, the PLA block promotes a steric stabilization of the nanoparticle suspension. As previously discussed in the literature, the diblock copolymer chains are attached to the surface of the nanoparticles via hydrophobic interactions with the PLA block whereas the hydrophilic PEO blocks and the solvation process in the aqueous medium promote a steric barrier.
45,46
The hydrodynamic radius determined by DLS were compared with those obtained from the zeta potential and SLS experiments. The results shown in Table 2 indicate a good similarity and a clear tendency toward increased particle size with decreasing molecular weight of PLA block was observed. 
NTA experiments
In order to confirm the results obtained by DLS, suggesting that the nanoparticles obtained have low polydispersity, the samples were analyzed by nanoparticle tracking analysis (NTA), 36 a technique based on laser illumination microscopy, which allows the real-time analysis of the Brownian motion of nanoparticles using a charge-coupled device (CCD) camera. In this method, nanoparticles in a liquid environment are visualized and tracked individually using image analysis software that deduces the diffusion coefficient of each particle and allows the determination of its hydrodynamic radius.
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This analysis method is considered to complement dynamic light scattering since it gives the number average diameter. The nanoparticle size distribution, with the corresponding video frames and three-dimensional graphs (size vs. intensity vs. concentration), for the nanoparticle samples obtained from the copolymer PEO 5KDa -b-PLA 4.5KDa , are shown in Figure 6 . A relatively narrow distribution can be observed for all formulations, showing good agreement with the DLS results. However, the average diameters obtained by NTA for samples of PEO 5KDa -b-PLA 10KDa were higher than those obtained by DLS, since NTA lacks sensitivity for nanoparticles very smaller. Average diameters of 125 nm, for empty nanoparticles, and 80 nm for nanoparticles containing lavender essential oil, were obtained by NTA, which are slightly larger compared with the results obtained by DLS.
According to Filipe et al., 48 this difference can be explained considering that the size distributions obtained by DLS are weight distributions, whereas those obtained by NTA relate to number distributions. Thus, the size distribution obtained by NTA indicates larger sizes compared to the DLS results, due to the contribution of some large particles to the overall dispersion. 39 
Encapsulation and in vitro release of essential oil
The percentage of lavender oil encapsulated in the nanoparticles was determined by the ultrafiltration/centrifugation method. Nanoparticles containing lavender oil were centrifuged in Amicon-Ultra-0.5 cellulose ultrafiltration filters with a molecular exclusion regenerated portion of 30 KDa (Microcon -Millipore) at 10.000 rpm for 30 min and the filtrate was quantified by UV-Vis spectroscopy at a wavenumber range of 210-250 nm. The amount encapsulated was determined as the difference between the lavender oil concentration in the filtrate and the total concentration (100%) which was initially present in the nanoparticle suspension. 29 As shown in Table 3 , the values for the encapsulation efficiency of the lavender oil were 73 and 75% for the PEO 5KDa -b-PLA 4.5KDa and PEO 5KDa -b-PLA 10KDa systems, respectively. These results are in agreement with those obtained by Silva de Melo, 29 who reported an EE value of 73% for the encapsulation of benzocaine in PLA nanoparticles. For the lavender oil in a concentration of 0.4 mg/mL the recovery percentages were 85 and 93% for nanoparticles obtained from the PEO 5KDa -b-PLA 4.5KDa and PEO 5KDa -b-PLA 10KDa systems, respectively. This result suggests that a very low amount of lavender oil was located on the surface or more external part of the nanoparticles and that most of the oil was entrapped in the nanoparticles.
The preliminary results concerning the percentages of the amount of lavender oil released versus time are shown in Figure 7 . The results showed that the release of lavender essential oil from PEO 5KDa -b-PLA 4.5KDa nanoparticles was only 5% and this percentage remained the same for 24h of releasing process. However, a different behavior was observed for PEO 5KDa -b-PLA 10KDa nanoparticles, in which the released amount achieved 40%. As observed, the releasing percentage was dependent on the PLA molecular weight, increasing with the amount of PLA in the block copolymer. As we previously discussed, the size of the nanoparticles obtained from the PEO 5KDa -b-PLA 10KDa system were significantly smaller than those obtained from the PEO 5KDa -b-PLA 4.5KDa copolymer. Apparently, small nanoparticles favored the diffusion process, increasing in consequence, the amount of lavender oil released in this system.
Conclusions
Suspensions of nanoparticles were obtained by the nanoprecipitation method and controlled self-assembly of the PEO-b-PLA copolymer. The preparation technique used led to the formation of spherical nanoparticles of PEO-b-PLA with low polydispersity. The hydrodynamic radius of the nanoparticles were in the range of 10 to 75 nm and a dependence on the size of the PLA block was observed. The encapsulation efficiency determined by UV-VIS spectroscopy was in the range of 70-75%; however, the in vitro release suggests that the polymeric system used in this study is able to control and retard the oil release. Considering that nanostructured systems can encapsulate poorly-water soluble active agents, such as essential oils, we may conclude that the nanoparticles obtained from PEO-b-PLA copolymers were effective in incorporating the lavender oil. Studies associated with the antibacterial effect of the lavender oil encapsulated in PEO-b-PLA nanoparticles are still in progress.
